The time-resolved infrared fluorescence ͑IRF͒ technique has been used to study the vibrational deactivation of excited N 2 O by large polyatomic colliders at ambient temperature ͑295Ϯ2 K͒. N 2 O͑00 0 1͒ molecules were prepared by direct pumping with the P͑18͒ line of a pulsed CO 2 laser at 9.536 m. The bimolecular rate constant for self-deactivation was determined to be ͑0.763Ϯ0.006͒ϫ10 3 Torr Ϫ1 s
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The time-resolved infrared fluorescence ͑IRF͒ technique has been used to study the vibrational deactivation of excited N 2 O by large polyatomic colliders at ambient temperature ͑295Ϯ2 K͒. N 2 O͑00 0 1͒ molecules were prepared by direct pumping with the P͑18͒ line of a pulsed CO 2 laser at 9.536 m. The bimolecular rate constant for self-deactivation was determined to be ͑0.763Ϯ0.006͒ϫ10 3 Torr Ϫ1 s
Ϫ1
, in very good agreement with previous work. The rate constants for deactivation by Ar and H 2 were found to be ͑0.103Ϯ0.003͒ and ͑4.89Ϯ0.52͒ϫ10 3 Torr Ϫ1 s
, respectively. The deactivation rate constants for the large polyatomic molecules, c-C 6 H 10 , c-C 6 H 12 , C 6 H 6 , C 6 D 6 , C 7 H 8 , C 7 D 8 , C 6 H 5 F, p-C 6 H 4 F 2 , C 6 HF 5 and C 6 F 6 , were found to be ͑176Ϯ10͒, ͑153Ϯ22͒, ͑115Ϯ4͒, ͑201Ϯ2͒, ͑127Ϯ11͒, ͑407Ϯ52͒, ͑144Ϯ14͒, ͑173Ϯ13͒, ͑129Ϯ8͒, and ͑48Ϯ9͒ϫ10 3 Torr Ϫ1 s
, respectively. Experimental deactivation probabilities and average energies removed per collision are calculated and compared. There is little difference in deactivation probabilities between the acyclic ring compounds and their aromatic analogues and the partially-fluorinated benzenes but the perfluorinated compound, C 6 F 6 is much less efficient than the other species. The perdeuterated species, C 6 D 6 and C 7 D 8 , especially the latter, show enhanced deactivation relative to the other species, probably as a result of near-resonant intermolecular V -V energy transfer. The results are compared with our recent work on the deactivation of CO 2 ͑00 
I. INTRODUCTION
Carbon dioxide and nitrous oxide are important prototype systems for understanding gas-phase energy transfer processes. They make an important comparative pair because they are isoelectronic, have the same mass, and have similar vibrational frequencies. Moreover while the change in average energy transfer over the range from low-lying vibrational levels to high vibrational energies ͑quasicontinuum͒ awaits full characterization, small molecules at low excitation energies provide a useful guide to understanding and predicting the energy transfer behavior of large molecules. CO 2 has long been used as an important prototype system but the studies of N 2 O began much more recently and are far less extensive.
Excited N 2 O ͓in the ͑00 0 1͒ vibrational level of the asymmetric stretch mode, 3 ͔ may be prepared either by direct laser excitation or by indirect collisional pumping from another laser-excited species, and then monitored by timeresolved infrared fluorescence ͑IRF͒ near 4.5 m. 5 collisions with HCl over the temperature range 300-700 K, 6 and collisions with HBr over the temperature range 300-900 K. 7 Mehl et al. 8 prepared N 2 O͑00 0 1͒ by the same method and studied the vibrational relaxation of the N 2 O͑00 0 1͒ by a series of deuterated methanes. Hancock and co-workers 9,10 prepared N 2 O͑00 0 1͒ by collisional pumping from CO ͑vϭ1͒ excited with a frequency-doubled CO 2 laser and measured the vibrational deactivation by N 2 O, CO, and Ar over the temperature range 144-405 K.
While direct pumping of CO 2 with a CO 2 laser is obvious and has long been used, it has been shown only recently that N 2 O can be pumped directly by a CO 2 laser. 11 It turns out that the P͑18͒ line of the CO 2 laser at 9.536 m matches the ͑00 
II. EXPERIMENT
The apparatus and experimental procedures have been described in detail previously. 15 Briefly, infrared radiation from a pulsed CO 2 laser was directed into a cylindrical cell ͑400 mm length, 25 mm diam͒ fitted with NaCl end windows. The production of N 2 O͑00 0 1͒ was achieved by tuning the CO 2 laser to the P͑18͒ line at 9.536 m which is coincident with the ͑00 0 1, jϭ7←02 0 0, jϭ8͒ transition in N 2 O to within 0.002 cm
Ϫ1
. 11 The IRF from excited N 2 O near 4.5 m was observed through a sapphire side window and an appropriate bandpass filter by a InSb infrared photovoltaic detector equipped with a matched preamplifier. The output of the detector/preamplifier was further amplified, captured by a digital storage oscilloscope and transferred to a laboratory computer for analysis.
In measurements of the deactivation of N 2 O͑00 0 1͒ by the large collider gases, the N 2 O pressure was 102Ϯ3 mTorr and collider gas pressures were in the range 10-100 mTorr while for the deactivation of N 2 O͑00 0 1͒ by unexcited N 2 O the pressure range was 1-30 Torr. The N 2 O pressures were chosen ͑by experiment͒ to minimize self-absorption and heterogeneous deactivation in the fluorescence cell of specified geometry and dimensions used in our experiments. The higher N 2 O pressure range could not be used in the experiments with added collider gas because the required collider gas pressures then yielded decay rates too fast to measure. All measurements were made at ambient temperature ͑295Ϯ2 K͒.
N 2 O ͑Aldrich, 99%͒, Ar ͑BOC Gases, ultrahigh purity͒, and H 2 ͑J. T. Baker, ultrapure͒ were used directly as supplied. c-C 6 H 10 ͑Koch-Light, у99.9%͒, c-C 6 H 12 ͑Merck, 99.7%͒, C 6 H 6 ͑BDH, у99.7%͒, C 6 D 6 ͑Aldrich, 99.5 atoms% D͒, C 7 H 8 ͑Ajax Unilab, 98%͒, C 7 D 8 ͑Aldrich, 99ϩ atoms% D͒, C 6 H 5 F ͑Merck, 99%͒, p-C 6 H 4 F 2 ͑Aldrich, 99ϩ%͒, C 6 HF 5 ͑Aldrich, 99%͒ and C 6 F 6 ͑Aldrich, 99.9%͒ were degassed using several freeze-pump-thaw cycles prior to use. Figure 1 shows a typical set of IRF decay curves for N 2 O with various pressures of p-C 6 H 4 F 2 collider gas. The fluorescence decays are fitted well by a single exponential for all collider gases. The observed relaxation times are very much faster than the radiative lifetime of 4.1 ms for N 2 O͑00 0 1͒
III. RESULTS
2 therefore the loss of excitation via spontaneous IR emission is negligible under the experimental conditions. The Marquardt algorithm 16 for nonlinear least-squares fitting was used to fit each decay curve with a single exponential function of the form
where I is the fluorescence intensity, k obs is the pseudo-firstorder decay rate constant ͑inverse of the relaxation time͒, and B is the nominal baseline. The first-order decay rate constants exhibit a linear increase with collider gas pressure. 
Figures 2 and 3 show typical plots of k obs vs collider gas pressure for C 6 H 6 , C 6 D 6 , C 7 H 8 , C 7 D 8 , and C 6 F 6 . Also shown are the weighted linear least-squares fittings. The slope of the k obs vs pressure plot yields the bimolecular deactivation rate constant, k N 2 O-M where M represents the collider gas. Note that the intercepts are within experimental error of the measured first-order decay rate for 102 mTorr of pure N 2 O ͑2045Ϯ394 s
Ϫ1
͒ in the fluorescence cell under the experimental conditions. This is in accord with expectation and is analogous to our experiments on the deactivation of CO 2 ͑00 0 1͒. 15 The decay rate for 102 mTorr of N 2 O in our experiments contains a contribution from heterogeneous deactivation. Diffusion with heterogeneous deactivation leads to upward curvature in decay rate vs pressure plots at low pressure and the decay rate is also a function of cell geometry ͑the diameter is the key parameter for long cylindrical cells͒. 4 scaled to account for the different masses, sizes, and velocities of the colliders. The deactivation rate constants have been scaled to both the Lennard-Jones collision rate constant, k LJ and the hard-sphere collision rate constant, k HS . These scalings yield deactivation probabilities, P LJ and P HS . The values obtained are shown in Table I . The values used for the Lennard-Jones collision rate constant, k LJ were calculated using the method and data sources described previously.
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IV. DISCUSSION
The measured deactivation rate constants for the large polyatomic colliders are very large. They are up to several orders of magnitude larger than the values for monatomics, diatomics and the small polyatomic, methane ͑nondeuter-ated͒. The same relativities are exhibited by the deactivation probabilities. The lowest measured deactivation probability in the group of polyatomic colliders is the value of P LJ ϭ2.93ϫ10 Ϫ3 for C 6 F 6 ͑the only large molecule studied without C-H or C-D stretch modes͒. The value is only 0.42 times that for the hydrocarbon analogue, C 6 H 6 ͑the reduction is essentially the same for P HS and k N 2 O-M as well as P LJ ͒. For the deactivation of CO 2 ͑00 0 1͒ by the same two species the reduction is less pronounced with the value for C 6 F 6 being 0.77 times that for C 6 H 6 .
In contrast to C 6 F 6 , C 6 D 6 has a P LJ which is 4.3 times that for C 6 F 6 . The value of P LJ for C 7 D 8 is even greater than that for C 6 D 6 ͑a factor of 1.8 times larger͒ and very much greater than the values for the remaining colliders. These two values are the highest observed in the group. The enhancement of the deactivation probability by perdeuteration of the collider is also shown by a comparison of the values for C 6 H 6 vs C 6 D 6 , and for C 7 H 8 vs C 7 D 8 . The effect of deuteration is only a factor 1.8 for the benzenes but increases dramatically to a factor of 3.2 for the toluenes. Mehl et al. 8 reported hard-sphere deactivation probabilities for both CO 2 ͑00 0 1͒ and N 2 O͑00 0 1͒ with a series of deuterated methanes. The values were found to be identical for deactivation of CO 2 ͑00 0 1͒ or N 2 O͑00 0 1͒ by the same collision partner and they were found to increase linearly with the number of deuterium atoms per substituted methane. The Mehl et al. 8 Ϫ3 ͑without differentiating between the C-D stretch modes on the benzene ring and those on the methyl group͒. Likewise the effective value per C-D stretch in the case of C 6 D 6 is 3.5ϫ10
Ϫ3
. The average of these two values is 4.1ϫ10
, which is in excellent agreement with the average value from the results of Mehl et al. 8 The deactivation probabilities for the remaining colliders fall in between the value for C 6 F 6 and the values for the perdeuterated species. The values of P LJ for c-C 6 H 12 , C 6 H 6 , C 7 H 8 , C 6 HF 5 , and C 6 H 5 F are essentially the same within experimental error ͑average 7.92ϫ10 Ϫ3 ͒ while those for c-C 6 H 10 and C 6 H 4 F 2 are the essentially same within experimental error ͑average 10.3ϫ10 Ϫ3 ͒. The relatively small difference in deactivation probability between these two groups of molecules may not be significant.
Siddles et al. 13 have compared the rate constants for deactivation of CO 2 ͑00 0 1͒ and N 2 O͑00 0 1͒ by self-relaxation, N 2 , O 2 , and CH 4 . The rate constant ratios at 300 K are 2.3, 2.6, 2.3, and 1.1, respectively. Siddles et al. 13 state that the higher rate constants for N 2 O͑00 0 1͒ relative to CO 2 ͑00 0 1͒ ''is a general feature of the behavior of N 2 O͑00 0 1͒ and has been seen for a wide range of relaxants.'' However a survey of the literature shows that this is true only for self-relaxation and deactivation by monatomics and some diatomics. Studies of both excited species in the same laboratory by Doyennete et al. 6, 7 yield rate constant ratios of 0.33 and 0.27 for deactivation by HCl and HBr, respectively and the comparative studies of Mehl et al. 8 yield rate constant ratios near unity for deactivation by a series of deuterated methanes. Based on 1/P LJ and deactivation to N 2 O͑00 0 0͒.
The rate constants obtained by us for the deactivation of CO 2 ͑00 0 1͒ and N 2 O͑00 0 1͒ by the same set of large polyatomic colliders also are similar in magnitude except for the colliders C 6 F 6 and C 7 D 8 . This is reflected in the deactivation probabilities which are compared in Fig. 4 . The rate constant or deactivation probability ratios are 0.5 for C 6 F 6 and 1.7 for C 7 D 8 . A rationale for the different behavior by these two collision partners is given below.
The homogeneous deactivation processes through which N 2 O͑00 0 1͒ may lose its energy are inter-and intramolecular V -V energy transfer and V -T/R energy transfer. In the present work, the measured deactivation rate constant contains all these possible pathways for energy loss from the excited molecule following collisions with the collider gas. However because the measured rates are large, and because the processes involving V -T/R transfer are normally slow, 19 the measured deactivation rate constant and deactivation probability for the large polyatomic colliders mostly reflects V -V energy transfer. The following V -V deactivation processes are possible: 0 1͒ directly to the vibrational ground state and hence allows 2224 cm Ϫ1 to be available to the collision partner. Colliders that have a vibrational frequency close to 2224 cm Ϫ1 will be collisionally excited to that frequency. Such a process is very efficient since it involves minimum vibrational quantum number change. Colliders that do not have a vibrational frequency close to 2224 cm Ϫ1 are still able to accept the available energy if the summation of two ͑or more͒ of its vibrational frequencies is close to 2224 cm
Ϫ1
. The two important factors that control intermolecular V -V energy transfer are the value of the energy gap or mismatch, ⌬E ͑in this study the difference between 2224 cm Ϫ1 for N 2 O͑00 0 1͒ and the value of the collisionally excited mode in the collider͒, and the quantum number change. 19 The most favored V -V channels are those associated with the smallest ⌬E and the fewest quantum number changes. Simple theoretical considerations indicate that the efficiency of collisional deactivation is reduced by about a factor of 10 for each quantum number change and reduced by about a factor of 10 for each 200 cm Ϫ1 of ⌬E.
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In the large polyatomic colliders there are many vibrational modes and energy from N 2 O͑00 , respectively while those for the C-D stretches on the benzene ring remain Ͻ100 cm
Ϫ1
.͒ We are exploring this matter further by conducting experiments with C 6 H 5 CD 3 and C 6 D 5 CH 3 as collider gases. 22 In contrast to C 6 D 6 and C 7 D 8 the nondeuterated colliders do not have any vibrational modes in near resonance with N 2 O͑00 0 1͒. The relatively low deactivation probability for C 6 F 6 is most likely due to the energy transfer occurring via energy sharing processes involving multiple quantum number changes. C 6 F 6 has many low vibrational frequencies, 23 and therefore high density of states. In fact there are more than 5729 ͑overtone and combination͒ vibrational states in the range of 2224Ϯ1 cm Ϫ1 which are in close resonance with the ͑00 0 1͒ vibrationally excited state in N 2 O, and more than 8000 vibrational states in the range of 2349Ϯ1 cm Ϫ1 which are in close resonance with the ͑00 0 1͒ vibrationally excited state in CO 2 . These are possible open channels for the complete deactivation of N 2 O͑00 0 1͒ or CO 2 ͑00 0 1͒ through intermolecular V -V enery transfer. However, for the energy to be transferred through such channels, many vibrational modes in the collider have to be excited simultaneously during the collision ͑multiple quantum change͒. Therefore despite its properties, C 6 F 6 shows the lowest deactivation probability of the group. More definitive arguments about which processes are contributing to the deactivation of N 2 O͑00 0 1͒ by the different collider gases would require information about the final states of the N 2 O following deactivation.
An estimate of the average energy removed per collision, Ϫ͗⌬E͘ may be obtained from the ratio of the energy loss from the molecule to the number of collisions required for this deactivation. Assuming that the data represent direct transfer between N 2 O͑00 0 1͒ and the vibrational ground state, then Ϫ͗⌬E͘ values may be obtained by dividing 2224 cm Ϫ1 by the number of collisions or 1/P LJ . The values of Ϫ͗⌬E͘ so calculated are listed in Table II . These values represent the maximum possible Ϫ͗⌬E͘. The Ϫ͗⌬E͘ values found for the C 6 D 6 and C 7 D 8 colliders are 1.8 and 3.2 times the respective values for the C 6 H 6 and C 7 H 8 colliders.
